for pentosanase in several molds (Simpson, 1954) ; maltose for amylase in Aspergillus niger (Tanabe and Tonomura, 1953) ; N-acetylglucosamine for chitinase in Aspergillus fumigatus and Myrothecium verrucaria (Reese, unpublished data) . The use of the product as an inducer often leads to lower enzyme yields than are obtained with the substrate. In most cellulolytic fungi tested, however, neither glucose nor cellobiose acted as inducers of cellulase (Reese and Levinson, 1952) .
Further studies relating to this problem showed that, under certain conditions, some sugars can induce cellulase formation in Trichoderma viride. The present study is a reinvestigation of the induction of cellulase. For comparative purposes, some data on amylase production are also included.
METHODS
Trichodermta viride strain QM 6a was grown in liquid culture, 50 ml per 250-ml Erlenmeyer flask, and incubated at 29 C on a reciprocal shaker. Inoculum was 1 ml of a spore suspension (2 to 4 X 106 spores) prepared by suspending spoIres from potato dextrose agar slants in distilled water.
The culture medium in g/L was (NH4)2SO4, 1.4 g; urea, 0.3 g; KH2PO4, 2.0 g; MgSO4-7H2O, 0.3 g; CaCl2, 0.3 g. The pH was adjusted to 5.3 with NaOH. Trace elements were added as FeSO4 7H20, ZnCI2, MnSO4 H20, CoCl1 6H20, CuSO4 .5H20, and 20M0O3 2H3PO4 48H20. Unless otherwise indicated, the concentration of trace elements added for cellulase production was Fe, 1.0; Zn, 0.8; Mn, 0.5; and Co, 0.5 ppm. In some earlier experiments, yeast extract (Difco) was added at 0.1 g/L.
The carbon source was 0.5 per cent glucose unless otherwise noted. Sugars were usually autoclaved separately and added to the medium when cool. However, the results are no different when glucose is autoclaved with the medium. Other carbon sources included "solka floe" wood cellulose (SW40A, Brown Co.); methocel (degree of substitution 1.8, Dow Chemical Co.); carboxymethylcellulose (CMC 50T, degree of substitution 0.5, Hercules Powder Co.); sodium cellulose sulfate (degree of substitution 0.4, Eastman Kodak Co.); and dextran (synthesized by Leuconostoc mesenteroides, Northern Regional Research Laboratory). Other celluloses were prepared by us: the degraded cotton by treatment of cotton sliver with 85 per cent phosphoric acid after the method of Walseth (1952) Levinson and Reese (1950) . The cellulase unit is that amount of enzyme which, in 10 ml of assay medium (0.5 per cent carboxymethyl cellulose 50T in 0.05 M citiate at pH 5.4), produces 4.0 mg of reducing sugar (as glucose) in 1 hr at 50 C.
Amylase activity was determined similarly by the release of reducing sugar from 0.15 per cent soluble starch. The amylase unit is that amount of enzyme which, in 10 ml of assay medium, releases 4.0 mg of reducing sugar (as glucose) in 1 hr at 50 C, pH 5.4.
RESULTS
Mineral requirements for cellulase production. The mineral composition of the medium had a marked effect on the production of cellulase when 0.5 per cent glucose was used as the carbon source. Varying the levels of magnesium and (figure 2) showed that the cellulase yield increased as the cobalt was increased up to 10 ppm and then declined as cobalt was further increased to 100 ppm. Cellulase did not appear in these cultures until the third day (fourth day for 50 and 100 ppm). Growth was not affected by cobalt concentration up to 0.5 ppm. From 1.0 to 10 ppm, maximum weight was slightly reduced and growth rate was decreased, i. e., the sugar was consumed more slowly and peak weight was reached at 3 davs instead of at 2. At 50 and 100 ppm, peak weight was not reached until 4 days after inoculation.
In a control with full trace elements (Fe 1.0, Zn 0.8, Mn 0.5, Co 0.5 ppm), cellulase appeared at 2 days and maximum yiekd was 4.7 units per
Essentially no cellulase is produced by T. viride on cellobiose in the absence of calcium and trace elements. On lactose, some cellulase is produced in the absence of calcium and trace elements, but the cellulase yield is much increased in their presence. On cellulose sulfate, neither growth nor cellulase production occuIrs in the absence of eitheI calcium or trace elements, while, in their presence, growth occurs and cellulase is found in the culture filtrate. On CMC and on celluloses such as solka floe, growth and cellulase production occur when calcium and minor elements are omitted from the medium.
These data suggested that the cellulose might in glycerol medium lea(l to cellulase production. A comparison of the relative inducing efficiencies of the various celluloses is difficult because of differences in the surface areas, degrees of swelling (hydration) and other factors which influence not only the availability of the substrate to the organism, but adsorption of the cellulase from the culture filtrate.
No cellulase was induced on the following compounds. Maximum mycelial weight in mg/ml is shown in parenthesis after the compound. These maximum weights were reached in from 2 to 21 days after inoculation. Pentoses: ribose (2.1), L-arabinose (2.0), D-arabinose (1.9), xylose (1.9), lyxose (1.6). Hexoses: fructose (2.3), galactose (2.1), mannose (2.1), fucose (1.4), rhamnose (1.0), D-sorbose (0.2), L-soIrbose (0.2). Disaccharides: trehalose (2.2), maltose (2.2), melibiose (2.2), turanose (1.4), sucrose (0.2). Trisacclarides Amylase was produced on almost every compound that supported growth. Yields, however, varied widely. Best yields in units per ml were on: turanose (7); glycogen and glucose-1-PO4 (6); starch and melibiose (5); maltose (4); Saprolegnia cellulose, and cellulose-SO4 (3); cellobiose, CMC 50T, ball-milled cotton, (-methyl glucoside, salicin, and cotton sliver (2); mannose, galactose, lactose, dextrose, fructose, trehalose, raffinose, glycerin, mannitol, solka floc, and Acetobacter cellulose (1).
2. Growth and enzyme production on glycerol, dextrose, and cellulose (figures 3 and 4): The course of growth, pH, development of enzymes, protein in the filtrate and carbohydrate level were followed on 0.5 per cent glucose, 0.4 per cent solka floe + 0.1 per cent glycerol, and 0.5 per cent glycerol. The three substrates were used with and without calcium and trace elements. The results of experiments with trace elements are given in figure 3.
T. viride grows rapidly on 0.5 per cent glucose, consuming all of the sugar and reaching a maximum weight in 2 days. The weight decreases rather rapidly thereafter. Because of this decline, comparison of maximum weights in cultures harvested daily must be interpreted with caution. The pH falls as the sugar is consumed and then rises as the weight decreases. Growth on glycerol follows a similar pattern, although peak weight is reached a day later than in glucose cultures.
On cellulose + glycerol, the glycerol is quickly consumed and the cellulose is the principal growth substrate. In the absence of glycerol, there is a lag of several days before growth begins on solka floc. Since mycelial weights could not be obtained, growth is indicated by the (lecrease in weight representing degradation and consumption of the cellulose. The pH also falls during growth on cellulose, but the subsequent rise in pH is much slower than on glucose or glycerol.
Cellulase appears in glucose cultures at about the time that weight is at the peak and pH is at its lowest point. Although not apparent in figure  3 , cellulase never appears until the glucose is all consumed. We have not been able to detect cellulase in the mold mycelium prior to its appearance in the medium. The enzyme appears all at once and does not increase or decrease on longer incubation. Cellulase was produced only in traces unless both calcium and trace elements were present.
No cellulase was produced in glycerol cultures, regardless of addition of calcium or trace elements.
On cellulose, cellulase increases rapidly during the initial stages of growth and then more slowly until the fourteenth day. Cellulase y3ield is much higher than on dextrose.
Amylase was produeed in all cultuies, regardless of additions of calcium oI-of trace elements. The presence of calcium reduces amylase production in glucose and in glycerol cultures. On cellulose, amylase appeairs later than cellulase and may be more closely connected with autolysis. The addition of trace elements has little effect on amylase production.
The release of protein into the medium during growth is closely correlated with the appearance of cellulase, the activity being ca. 50 cellulase units per mg of protein. Similar data were obtained by M\iller and Blum (1956) for Myrothecium verrucaria. Appreciable protein was found only in filtrates containing cellulase (figure 4). No such relation is found for amylase. The points in figure 4 represent cultures growing on glucose and on cellulose plus glycerol, 2 to 14 days after inoculation. Several points at or near the origin are omitted.
The carbohydrate released into the medium is chiefly nonreducing in nature and seems to have no relationship to the appearance or yields of cellulase or of amylase.
3. The effect of gradual additon of glucose: The thought that glucose may be the true inducer in cellulose-grown cultures, and that the high Glucose (loes not appear to be an inducer of cellulase for the following reasons. A rather high initial glucose concentration is required for production of cellulase, but cellulase does not appear until the glucose has been removed from the medium. Seveial compoundIs which are probably metabolizedl through glucose, such as starch, maltose, trehalose, and fl-methyl glucoside, support excellent growth but do not induce cellulase. It is possible that glucose is metabolize(d to an inducer, possibly a ,B-glycoside.
The importance of the metals to cellulase induction may account for our previous inability to obtain cellulase when growing T. viride on glucose. We have been unable to satisfactorily explain the role of metals in cellulase production. In the succeeding paragraphs, we shall attempt to relate our' observations to those described for similar systems.
The lag in cellulase appearance after depletion of glucose increases as the initial glucose concentration increases. At concentrations of glucose above 1 per cent, the yield of cellulase is decreased. A similar inhibitory effect of glucose on amylase production is found in Aspergillus niger (Tanabe et al., 1954) . It is possible that products of glucose metabolism may combine with metals, making them unavailable to the fungus. Upon consumption of these products the metals would be released.
WVe have no evidence that the minerals required for cellulase production activate cellulase itself. It has been claimed that manganese stimulates cellulase activity (Fukumoto and Kishi, 1952; Toyama, 1956) T. viride for cellulase production but not for growth except on pure cellulose (Cellulose-SO4). Fahraeus (1947) found that cytophaga would not grow on pure cellulose (cotton wool) unless calcium and manganese were added to the medium. Likewise, calcium is required for the pIoduction of extracellulai proteases by various bacteria, but not for their growth, except on pure protein (Merrill and Clark, 1928; Haines, 1933; Gorini and Audrain, 1951) . Calcium as a firmly bound prosthetic group is required to stabilize the protease, which, in the absence of calcium, is inactivated as rapidly as it is pIroduced (Gorini and Lanzaveechia, 1954 Fukumoto et al. (1954) found that traces of zinc promoted the secretion of protease, but inhibited amvlase secretion for Bacteriumi liuluefaciens. It is unlikely that all of the proteini appearing with cellulase is cellulase. There may be a general release of cell proteins into the medium. However, the fact that we cannot find cellulase in the mycelium prior to its appearance in the filtrate suggests that the picture is not a simple matter of release.
The metals may, on the othei hand, prevent some component necessary for induction from leaking out of the cells. Morton and Broadbent (1955) Amylase is produced on most substrates supporting growth. Calcium in the medium decreases amylase production. Amylase activity is not correlated with the amount of protein in the culture filtrate.
